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The introduction of abandoned fields into crop 
rotation for obtaining agricultural product is an 
important economic problem today. The work is 
aimed at improving the technology of primary 
tillage of the soil and the moldboard plow for this 
purpose that would ensure embedding of tall-
growing plants in abandoned fields at low energy 
costs and with good agronomic performance. The 
energetic and agronomic characteristics of the 
moldboard plow for primary moldboard tillage 
were studied using the basic provisions of 
classical and agricultural mechanics, 
mathematics, in accordance with the existing 
State Standards of the Russian Federation, 
Company Standard AIST, and the adopted 
scientific and practical methods. Ordinary 
medium loamy black soil was used as the 
physicomechanical properties of the soil. As a 
result of the studies, the problem of restoring 
abandoned fields has been solved through the use 
of advanced tillage technologies that are different 
from the existing moldboard tillage and 
performed using the designed working organ. The 
authors offer an advanced technology of primary 
moldboard tillage of abandoned fields and a plow 
that ensure embedding of tall-growing plants in 
the topsoil at low energy costs and with good 
agronomic performance. 
 
  Аннотация 
 
ввод заброшенных полей в севооборот для 
производства сельскохозяйственной 
продукции является важной актуальной 
хозяйственной проблемой. Целью работы 
является совершенствование технологии 
основной обработки почвы и отвального 
плуга для её выполнения, обеспечивающего 
заделку высокорослых растений на 
заброшенных полях при низких 
энергозатратах и высоких агротехнических 
показателях. Исследования энергетических и 
агротехнических показателей плуга для 
основной отвальной обработки почвы 
проводились с использованием основных 
положений классической и земледельческой 
механики, математики, в соответствии с 
действующими ГОСТами РФ, СТО АИСТ и 
установленными в науке и практике 
методами. В качестве физико-механических 
свойств почвы использовали чернозем 
обыкновенный среднесуглинистый. В 
результате проведенных исследований 
решена проблема восстановления 
заброшенных полей, за счет применения 
усовершенствованной технологии обработки 
почвы, отличающейся от известной лемешно-
отвальной обработки и выполняемой 
разработанным рабочим органом. Авторами 
статьи предложена усовершенствованная 
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технология основной отвальной обработки 
почвы заброшенных полей и плуг, 
обеспечивающие заделку высокорослых 
растений в пахотный слой с низкими 
энергозатратами и при высоких 
агротехнических показателях.  
 
Ключевые слова: Основная обработка 
почвы, плуг, почва, глубина обработки 





La introducción de campos abandonados en la rotación de cultivos para la producción agrícola es un 
importante problema económico urgente. El objetivo del trabajo es mejorar la tecnología del arado principal 
de labranza y vertedero para su implementación, lo que garantiza la plantación de plantas altas en campos 
abandonados con bajo consumo de energía y altos indicadores agrotécnicos. Las investigaciones de los 
indicadores energéticos y agrotécnicos del arado para la labranza principal del vertedero se llevaron a cabo 
utilizando los principios básicos de la mecánica clásica y agrícola, las matemáticas, de acuerdo con los 
GOST actuales de la Federación de Rusia, STO AIST y los métodos establecidos en la ciencia y la práctica. 
Como propiedades físicas y mecánicas del suelo, se usó chernozem ordinario medio arcilloso. Como 
resultado de la investigación, el problema de la restauración de los campos abandonados se resolvió 
mediante el uso de una tecnología mejorada de cultivo del suelo, que difiere del conocido cultivo de 
cuchillas de arado y lo lleva a cabo el cuerpo de trabajo desarrollado. Los autores del artículo propusieron 
una tecnología mejorada para la labranza principal del vertedero de los campos abandonados y un arado, 
que garantiza la incorporación de plantas altas en la capa cultivable con bajo consumo de energía y alto 
rendimiento agrícola. 
 
Palabras clave: Labranza principal, arado, suelo, profundidad de labranza, campo abandonado, vegetación, 





The agricultural census showed that the total area 
of unused agricultural lands in Russia had 
amounted last year to 97.2 million hectares, i.e., 
44 % of all agricultural lands in the country. The 
census revealed huge areas that were officially 
considered arable land by the Federal Service for 
State Registration, Cadastral Records and 
Cartography, but in fact had not been plowed for 
a long time and became lealand.  
 
The lands that were not claimed for agricultural 
production become junk lands and are 
characterized by the dynamics and processes of 
weeds dispersion. In the first stage, such lands 
pass the tall weeds stage with typical vegetation 
with annual dicotyledonous plants prevailing. 
The natural tendency is increasing the share of 
dangerous perennial weeds (perennial sow 
thistle, cursed thistle, trailing bindweed, a 
bindweed field, blue lettuce), rhizogenous (couch 
grass, sedge), and quarantine species (Russian 
knapweed, various types of hogweed, dodder and 
broomrape). Subsequently, dicotyledonous 
plants are replaced by perennial grasses, and 
wasteland turns into natural lealand 
(Romanenko, 2008; Gornov, 2013; Vasiliev et 
al., 2016). 
 
On the land withdrawn from agricultural 
turnover, a noticeable change of soil properties is 
noted (Bulinski, 2000; Technological properties 
of soil, n.d.; Mineev, 2004). All nutritional 
properties of lealands have poorer values than 
those of arable land. In the abandoned fields, 
along with a decreased content of nutrients in the 
soil, changes in the water and air conditions are 
noted (Skornyakov, 2013), which fact 
complicates the process of tillage (Golubeva, 
Nakvasina, 2015; Nikolaev, 2010a; Nuralin et 
al., 2017; Capote et al., 2019). 
 
Thus, studying the agroecological state of the 
Russian lands withdrawn from agricultural 
turnover has shown that almost in all soil-
climatic zones of the country, wastelands become 
overgrown with tall weeds and wild-growing 
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field vegetation within 10 – 15 years, with the 
increasing share of harmful perennial weeds, 
shrubs and woody thicket up to 1 – 1.7 m high 
(Gornov, 2013; Vasiliev et al., 2016). The 
presence of tall vegetation not only complicates 
mechanical tillage of the soil but also requires a 
lot of energy (Podskrebko, 2010; Tvorogov, 
2008). It is evident that the introduction of 
abandoned fields into crop rotation for obtaining 





In the middle of the 20th century, tillage of virgin 
and fallow lands started in Russia (Osvoenie 
tseliny, n.d.). Fallow lands were mainly 
dominated by grass vegetation, with a maximum 
height of 25 cm and sod layer 10 – 12 cm deep 
(Matyuk et al., 2010). During that period, the 
technology of virgin lands tillage included sod 
disking and moldboard tillage of the soil with 
moldboard plows (Sitdikov, Safin, 2012). At the 
beginning of the 21st century as already 
mentioned (Agricultural machinery, 2018), many 
abandoned fields formed in Russia that were 
overgrown with weeds, shrubs and woody thicket 
up to 1 – 1.7 m high. To restore and use the 
abandoned fields, by analogy with the tillage of 
the virgin fields, a tillage technology was 
suggested, which included grinding and mixing 
the field vegetation with the soil, followed by 
plowing or subsoiling (Romanenko, 2008; 
Sitdikov, Safin, 2012). It is recommended to 
perform grinding and mixing using heavy disc 
harrows or disk headers, and the main tillage – 
with moldboard plows, chisel plows or 
subsurface cultivators – para plows of various 
brands. (Pleskachev, Borisenko, 2005; Churzin, 
Serebryakov, 2016; Pleskachev et al., 2013; 
Lepeshkin, 2015). It is also noted that it is 
rational to perform soil tillage using disc headers 
and moldboard plows (Trubilin et al., 2014; 
Labotsky et al., 2011; Mutikov et al., 2011). 
According to the studies of some authors (Burak 
et al., 2014, Kalinin, Ustroev, 2016; Nikolaev, 
2010b), the energy intensity of tillage by disc 
headers is on average 20 – 30 kW*h/ha, and by 
moldboard plows – 40 – 60 kW*h/ha. 
Accordingly, specific fuel consumption is 7 – 12 
kg/ha and 16 – 22 kg/ha, respectively. 
 
Therefore, from the technology point of view, 
tillage of abandoned fields includes initial 
grinding of the vegetation with disk harrows or 
disk headers (Pleskachev, Borisenko, 2005; 
Churzin, Serebryakov, 2016; Pleskachev et al., 
2013; Lepeshkin, 2015), followed by plowing 
with general purpose plows or specialized plows 
(Trubilin et al., 2014; Labotsky et al., 2011; 
Mutikov et al., 2011; Weissbach et al., 2002; 
Lemken, n.d.; Kverneland plows, n.d.; The 
lineup of KUHN wide plows, n.d., GREGOIRE 
BESSON plow, n.d.,  Vogel Noot plows, n.d.). 
However, according to the agricultural 
requirements (Agrotechnical requirements to the 
main operations in adaptive technologies of 
cultivation of winter cereals and maize, and new 
tools for cultivation in the Krasnodar region, 
2011), disc harrows and disc headers are efficient 
if the height of the vegetation and crops residues 
does not exceed 25 cm. In case of vegetation 
height reaching 1 – 1.7 m, disc harrows, and disc 
headers are inefficient. The existing plows also 
ensure high quality of tillage only if the height of 
stubbles and grass stand does not exceed 25 cm 
(Agrotechnical requirements to the main 
operations in adaptive technologies of cultivation 
of winter cereals and maize, and new tools for 
cultivation in the Krasnodar region, 2011). If the 
height of the grass stand exceeds 25 cm, the body 
of the plow gets clogged with the vegetation of 
the abandoned field. It means that the process of 
primary tillage stops. 
 
In case of tillage with plows, energy 
consumption is almost twice higher than that of 
tillage with disc headers, with the processes 
performed almost equal fundamentally, the only 
difference being the depth of tillage. 
 
The process of primary tillage with the existing 
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Figure 1. The diagram of primary tillage with the existing plows: 
a – the depth of tillage; b – the working width of the plow; c – plow pan thickness. 
 
On the one hand, tillage with plows includes 
undercutting, crumbling, turning the crumbled 
soil over and embedding stubbles and crop 
residues with the maximum height of 25 cm into 
the tilled soil layer (Pleskachev, 2013; 
Lepeshkin, 2015; Labyntsev et al., 2010; 
Sorochkin, Bryukhova, 2011). On the other hand, 
in case of tillage of abandoned fields with the 
vegetation height exceeding 25 cm, the existing 
process of primary tillage will be disrupted. This 
raises the scientific problem of developing a 
process for tillage of abandoned fields and a 
working organ for performing it, which would 
perform tillage with the minimal energy 
consumption, high performance and will exclude 
soil disking. 
 
Objects and Methods 
 
The object of the research study was the process 
of primary tillage of abandoned fields using 
plows with new working organs. The technical 
characteristics of PBK-3 and PBK-5 moldboard 
plows for soil tillage are shown in Table 1. 
 
 




PBK – 3 PBK – 5 
1 Aggregated with tractors of drawbar category 3 – 4 5 
2 Working speed, km/h up to 15 up to 15 
3 Working width, m 2.4 4.0 
4 












5 Weight, kg 845 1,440 
6 The number of working organs, pcs 3 5 
7 Working width of the organ, mm 800 800 
8 The distance between working organs along the beam, mm 970 970 
9 
The distance between the toes of working organs in the 
direction of the plow, mm 
670 670 
10 
The height from the bearing plane of the working organs to 
the frame, mm 
720 720 
 
The method of the research study included, 
according to Industry Standard 10 4.1-2001 and 
Industry Standard 10 2.2-2002 "Testing of 
agricultural machinery", GOST 20915-75 "Farm 
machinery. Procedure for determining test 
conditions", GOST 24055-88 "Agricultural 
machinery. Methods of operational-
technological evaluation. General", GOST 
24057-88 "Agricultural machinery. Methods of 
operational-technological evaluation of machine 
complexes, special and universal machines at the 
stage of testing", GOST 26025-83 "Agricultural 
and forestry machines and tractors. Measuring 
methods of constructive parameters", a field 
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check of the soil tillage process in abandoned 
fields, performed by the plow with new working 
organs with the aim of determining the quality 
and energy consumption of the new plow. 
 
The depth of tillage was determined using the 
method of transverse profiling. The quality of 
embedding the vegetation on the surface of the 
field was determined by the weight.  
 
Soil crumbling was determined by the samples 
taken at four points of the plot (two points in the 
direction of the unit movement, and two points in 
the opposite direction). 
 
Soil hardness was determined by the Revyakin's 
hardness measuring machine. To determine the 
energy consumption, small-sized portable 
information-measuring system SP-238 was used, 
which is intended for measuring, analyzing, 
storing and displaying the parameters that 
determine the operating and technological 
parameters of tractors and agricultural 
machinery. The sensors of power parameters 
were resistance strain gages installed on the drive 
axle of tractor T-150K.  
 
Results and discussion 
 
For resolving the scientific problem, the 
technological process of primary soil tillage was 
improved (Pleskachev, Borisenko, 2005) (Figure 
2). In the first stage, Figure 2, a) soil layer F is 
loosened in cross-section axb. At the second 
stage, Figure 2, b) the loosened soil layer is 
divided into halves, i.e., 0.5F1, and a part of the 
layer by section 0.5F1 is moved from position 1 
to position 2. After that, halves of layer sections 
F2 and F1 and tall plant residues of these four 
sections are moved simultaneously into the 
formed furrow 3 in the following sequence: first, 
0.5 F1 is moved to position 5, then 0.5F2 is 
moved to position 6 (Figure 2, d). 
 
After that, the process is repeated. Unlike with 
the existing technology (Pleskachev, Borisenko, 
2005), Figure 1, dividing the initially loosened 
volume into two parts and the presence of ridges 
7 (Figure 2, e) on the bottom of the tilled topsoil 
will ensure better turning of the topsoil and 
embedding of vegetation into the cultivated 
arable layer, and will also allow increasing the 
working width of the plow. 
 
It is known (Podskrebko, 2010; Burchenko, 
2001) that by implementing the stress-strain state 
of the arable layer, which is formed as a result of 
pure shear, it is possible to reduce the drag 
resistance of a working organ. This condition 
occurs in the arable layer upon the interaction of 
the conical working surface with the arable layer 
(Trubilin et al., 2014; Lobachevsky et al., 2000; 
Dyakov, 2009; Williams et al., 2000; Hill, Stott, 
2000; Boykov, 1998), i.e., the working surface of 
the plow that interacts with the arable layer 
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Figure 2. The diagram of the process of soil 
primary tillage in abandoned fields: 
 
a) Loosening soil layer F to depth a;  
b) 0.5 F moves from position 1 to position 
2;  
c) Placing tall crop residues 4 into furrow 
3, and sections 0.5 F1 and 0.5 F2 into 
furrow 3;  
d) Moving part of section F 0.51 to position 
5 and sections 0.5 F2 to position 6,  
e) Moving plant residues of layers sections 
0.5 F3 and 0.5 F4 to position 8. 
 
Using the diagram (Figure 2) of the soil tillage 
process in abandoned fields and the conditions of 
pure shear, a new working organ was developed, 




Figure 3. A diagram of the new working organ for tillage of abandoned fields: 
1 – furrow opener; 2 – breast; 3 – rack 
 
As a result of the theoretical studies, the basic 
parameters of the new working organ were 
determined: amax – the maximum depth of tillage, 
amax = 35 cm; b – the width of the furrow opener, 
b = 0.5 m; and l-the length of the furrow opener, 
l = 0.5 b. With that, two kinds of breasts were 
mounted on the working organ for studying the 
degree of abandoned field tall plants embedding. 
The conditional marking of the body with 
elongated breast is KBK-80, and of the body with 
a modified configuration of the breast field cut is 
KBK-80-01. 
 
Based on the scheme of the new working organ, 
plows PBK-3 and PBK-5 were developed for 
aggregation with tractors of drawbar category 3 
and 5 and the working width of 2.4 and 4.0 m. 
The technology and the plow for tillage of 
abandoned fields were studied in the fields of the 
Volga Research Institute of Seed Breeding in the 
Samara region in the area of activities of the 
FSBE Volga Machine Testing Station 
(settlement Ust-Kinelsky, Kinel district, Samara 
region), on homogeneous plots by the type and 
the mechanical composition of the soil – ordinary 
medium loamy black soil. Their microrelief was 
weakly and medium manifested. The terrain of 
the abandoned field was flat, with the slope up to 
4°. The vegetation height varied depending on 
the soil fertility from 9.5 to 83.8 cm. The weight 
of vegetation per one square meter ranged from 
439 to 780 g. In the summer, the plowing units 
worked on the soil with the hardness of 2.7 – 3.8 
MPa and the moisture content of 14.9 – 19.1 %. 
In the autumn, all arable layers: 0 – 10, 10 – 20, 
20 – 30 cm featured high humidity content from 
31.5 to 32.5 %, and hardness of 0.7, 1.0, 
1.5 MPa, respectively.  
 
Agrotechnical assessment of the efficiency of 
using plowing unit T-150K + PBK-3 and K-701 
+ PBK-5 was made at the depths of 23.2…28.7 
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cm. The mean square deviation of the depth from 
the preset depth was ±1.3...1.6 cm and did not 
exceed the allowed limits (±2 cm). The deviation 
of the working width of the designed one of the 
units did not exceed ±10 %, even during tillage 
of soil with high moisture content. Based on the 
analysis of moldboard tillage of the soil with low 
humidity, it was found by the quality of 
crumbling that fractional composition with the 
size less than 50 mm had the range from 40.0 to 
85.6 %. 
 
The distinctive quality of units T-150K + PBK-
3, K-701 + PBK-5 is the high degree of the 
vegetative mass. The vegetation was embedded 
to the depth of 12.7…19.0 cm by 95.1 – 97.6 %.  
The ridgeness of arable land was 6.8 – 10.1 cm, 
which was not in line with the agricultural 
requirements – not exceeding 5 cm. No clogging 
of the working organs of plows with vegetation 
was observed in the process of plowing. 
 
Figure 4 shows soil processing in the field 
overgrown with annual and perennial tall weeds 
with the height up to 1.2 m with plowing unit T-
150K + PBK 3.  
 
In general, tested plows PBK-3 and PBK-5 
consistently performed the process of soil 
treatment in abandoned fields by the main 











Figure 4. Moldboard plowing of an abandoned field with plowing unit T-150K + PBK-3: a – unit view 
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Figure 5 shows the dependence of the specific drawbar resistance of the studied bodies KBK-80 and 





Figure 5. Dependence of the specific drawbar resistance Ksp of the studied bodies on the speed of 
movement υ: 1 – KBK-80, 2 – KBK-80-01. 
 
Analyzing the specific drawbar resistance of the 
bodies, a conclusion may be drawn that the 
pattern of changes in specific drawbar resistance 
has the same nature. 
 
 Energy assessment showed that the process 
moldboard tillage of the abandoned field with 
unit T-150K + PBK-3 with working body KBK-
80-01 was less energy-intensive; the specific 
energy consumption amounted to 33.7...40.5 
kWh/ha. 
 
A distinctive quality of the unit with plows PBK-
3 and PBK-5 was the high degree of plant mass 
and crop residues embedding, the ability to 
embed all tall macropodal plant residues 
obtained during operation of K-701 + PBK-5. 
With the height of post-harvest stubbles from 
47.6 to 100.4 cm, and high soil moisture content, 
the new unit embedded 98 % of those.  
 
The results of the comparative operational 
assessment of the units consisting of tractor T-
150K with serial plow PLN-5-35 and tractor T-
150K with the developed plow PBK-3 are shown 
in Table 2. 
  





1 Soil moisture content, % 32.3 – 35.9 32.3 – 35.9 
2 Soil hardness, MPa 0.7 – 1.3 0.7 – 1.3 
3 The height of post-harvest stubbles, cm 27.0 27.0 
4 The depth of tillage, cm 26.6 25.5 
5 Working width, m 3.2 1.9 
6 Speed, km/h 8.2 7.8 
7 The mean square deviation of the depth ± cm 1.2 1.8 
8 Soil crumbling, %, fraction size up to 50 mm 85.6 89.6 
9 Stubble embedding degree, % 98.9 85.0 
10 Stubble embedding depth, cm 7.4 12.6 
11 Drawbar resistance, kN 21.4 20.6 
12 Specific drawbar resistance, N/cm2 4.15 4.19 
13 Specific energy consumption, kWh/ha 33.7 43.0 
14 Productivity per one hour, hectares: 1.8 1.6 
15 Fuel consumption per hectare, kg/ha 13.5 15.0 
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Analysis of the table shows that reduction of the 
specific energy consumption of the plow unit 
equipped with plow PBK-3, compared to PLN-5-
35, was by 21.7 %, of fuel consumption per 
hectare – by 10.0 %; with that, the hourly 
productivity of the plow unit increased by 11.1 
%, and the quality of stubble embedding 




The problem of restoring abandoned fields can be 
solved through the use of advanced technologies 
of soil tillage with the developed working organ, 
which is different from the existing technology 
of moldboard tillage with a moldboard plow. The 
developed working organ consists of a rack with 
a furrow opener and a breast. To reduce energy 
consumption during tillage, the furrow opener 
has a convex shape, which ensures the stress-
strain state of the arable layer due to pure shear. 
Based on this working organ, plows PBK-3 and 
PBK-5 have been created, which ensure 
embedding of 98 % of the vegetation higher than 
25 cm in abandoned fields to the depth of 7 – 10 
cm, which removes the need for vegetation 
crushing with disk headers. It has also been found 
that by their working and technological 
characteristics, the suggested plows, compared to 
serial plows PNL-5-35, PNL-8-40, PNI-8-40, 
ensure higher performance and lower fuel 
consumption. With that, new plows do not get 
clogged with vegetation, and reduce the cost of 
plowing by 10.7 %. The developed technology of 
recovering abandoned fields, compared to the 
suggested one, allows reducing the energy 
consumption by 50 %, compared to moldboard 
tillage; however, according to the studies 
(Labotsky, 2011; Tiranova, Tiranov, 2011; 
Sorokin, 2011), the vegetation embedding depth 
of 7.0 – 8.0 cm ensures efficient decomposition 
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